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SUMMARY

In October 1983, the Department of Transportation published a Notice of

Proposed Rulemaking (NPRM) which proposed several alternative amendments to

FMVSS No. 208, Occupant Crash Protection. The Preliminary Regulatory Impact

Analysis (PRIA) accompanying the NPRM discussed the uncertainty involved in

determining the effectiveness of restraint systems, safety benefits,

insurance savings/costs, as well as consumer and other costs that could be

anticipated under various alternatives and solicited comments on this

subject. In response to the NPRM, over 7,800 commenters offered their views

about various aspects of the proposed rulemaking, including the automobile

manufacturers, insurance companies, consumer groups, and other interested

parties. In May 1984, the Department published a Supplemental Notice of

Proposed Rulemaking (SNPRM) asking for comments on four additional

alternatives, as well as other issues. There were over 130 comments to the

SNPRM. In preparation for this rulemaking, the Department of Transportation

conducted comprehensive analyses of pertinent comments and of all accident

data and other material available in its files. On the basis of these

analyses, the agency sought to determine the effects on benefits and costs of

the proposed alternatives to improve passenger car occupant protection.

While many of the uncertainties still remain, notably the uncertainty

surrounding the precise level of potential usage of automatic belts, the

summary data below are based on the best currently available estimates.



Effectiveness

Effectiveness of an occupant restraint system is defined as the percentage

reduction in fatalities or injuries for restrained occupants as compared to

unrestrained occupants. In this analysis, the agency reviewed all pertinent

accident data in order to develop a range of estimates of the effectiveness

for air bags without belts, with lap belts, and with three point belts;

manual lap belts, manual lap and shoulder belts; and automatic belts. The

results of the effectiveness evaluation are as follows:

Fatalities

AIS 2-5
Injuries

AIS 1
Injuries

Manual
Lap Belt

30-40

25-35

10

PERCENT
Manual
Lap/

Shoulder
Belt

40-50

45-55

10

TABLE 1
EFFECTIVENESS

Automatic Air Bag
Belt Alone

35-50

40-55

10

20-40

25-45

10

Air Bag
With
Lap Belt

40-50

45-55

10

Air Bag
With Lap/
Shoulder

Belt

45-55

50-60

10

According to these estimates, there is no single system more effective than

the manual lap/shoulder belt when used; but using this system with an air bag

as a supplement provides the most effective system for both fatalities and

AIS 2-5 injuries.

Throughout the analysis, the safety benefits and insurance premium changes

will be presented as a range of values. These ranges reflect the low and

high effectiveness estimates.



Safety Benefits

Based on projected fatalities and injuries and -using the range of

effectiveness estimates and a range of automatic and manual seat belt usage,

estimates were made of the incremental reductions in fatalities, AI5 2-5

injuries, and AIS 1 injuries for all automatic restraint systems (air bags

without seat belts, air bags with lap belts, air bags with lap/shoulder belts

and automatic belts) and for mandatory use laws if they are effective in all

states. Estimates are provided across a broad range of usage (20-70 percent)

for automatic belts and a narrower range (40-70 percent) for mandatory use

laws because the precise level of future usage is uncertain. Below are the

results of this analysis:

TABLE 2
INCREMENTAL REDUCTION IN

Fatalities AIS 2-5 Injuries AIS 1 Injury

Air Bags Only (No 3,780-8,630 73,660-147,560 255,770
Lap Belt Usage)

Air Bags With Lap
Belt (12.5% Usage) 4,410-8,960 83,480-152,550 255,770

85,930-155,030 255,770

8,740-15,650 22,760
24,370-37,440 52,640
39,990-59,220 82,510
55,610-81,000 112,380
71,240-102,790 142,250
86,860-124,570 172,120

Mandatory Belt Use
Laws (in all states)
40% Usage 2,830-3,590 47,740-59,220 82,510
50% 3,860-4,900 65,300-81,000 112,380
60% 4,890-6,200 82,860-102,790 142,250
70% 5,920-7,510 100,430-124,570 172,120

Air Bags With Lap
Shoulder Belt
(12.5% Usage)

Automatic Belts
20% Usage
30%
40%
50%
60%
70%

4,570-9,110

520-980
1,420-2
2,320-3
3,230-4
4,130-6
5.030-7

,280
,590
,900
,200
.510



Insurance Premium Changes

Based on the projected loss experience of the insurance industry resulting

from an automatic occupant protection requirement, insurance premiums should

change for various automobile insurance coverages, as well as for health

insurance and life insurance. These results are summarized below:

TABLE 3
SUMMARY OF POTENTIAL EFFECTS
ON INSURANCE PREMIUMS FROM

AUTOMATIC RESTRAINT REQUIREMENTS

Air Bags

Automobile Insurance
Savings-Safety
Loss-Deployment

Health Insurance
Life Insurance

Total

Automatic Belts
(For 20 Percent Assumed

Automobile Insurance
Health Insurance
Life Insurance

Total

Automatic Belts
(For 70 Percent Assumed

Automobile Insurance
Health Insurance
Life Insurance

Total

Per Vehicle
Annual

Savings ($)

9-17
(3)
4-8
0-1

T0^2T

Usage)

1-2
0-1
0
1̂ 3

Usage)

10-14
5-7
1

T6I22

Per Vehicle
Lifetime

Savings ($)

62-115
(18)

29-54
3-7
76-158

5-14
2-7
0-1
"7̂ 22

65-94
31-44
4-6

100-144

Total
Annual
Savings

1990 Fleet
Equivalent ($M)

1,108-2,046
(312)

521-962
62-136

1,379-2,832

89-243
42-114
7-14

138-371

1,146-1,676
539-788
71-106

1,756-2,^70



Consumer Cost

The following table presents current estimates of the consumer cost of

different automatic restraints (air bags and automatic belts) as well as the

incremental fuel cost over the lifetime of the vehicle resulting from the

additional weight of such restraints.

TABLE 4
PER VEHICLE COST IMPACTS

Automatic Belt
System (2-pt. or
Non-Power, High
Driver and Front

Air Bag -
Driver Only
(High Volume)

Air Bag -
Full Front
(High Volume)

Net Dollar Costs

3-pt.
Volume,
Right)

Incremental
Cost

$40

$220

$320

Lifetime
Energy
Costs

$11

$12

$44

Total
Incremental

Cost
Increase

$51

$232

$364

The results of a lifetime net dollar cost analysis for air bags and automatic

belts are shown in the following table. The analysis considers only the

costs related to motor vehicle ownership; it does not include economic costs

to society, or values for the pain and suffering experienced by the victims

of motor vehicle accidents. Thus, lifetime dollar costs include retail price

increases and fuel cost increases and lifetime dollar benefits include only

insurance premium reductions. The range of lifetime net dollar costs is

$206-$288 per car for air bags at 12.5 percent lap belt usage. For automatic



TABLE 5
SUMMARY OF SAFETY BENEFITS AND NET DOLLAR

COSTS OR BENEFITS FOR AIR BAGS AND AUTOMATIC BELTS
(COSTS ON A PER CAR BASIS)

SAFETY BENEFITS

FATALS
AIS 2-5
INJURIES

INCREMENTAL
LIFETIME
COSTS

LIFETIME LIFETIME
INSURANCE NET DOLLAR
PREMIUM COST OR

REDUCTIONS (BENEFITS)

Full Front Air Bag With Lap Belt
No Usage of Lap Belt 3,780-8,630

12.5% Usage of Lap Belt 4,410-8,960

Driver and Front Right
Air Bag with Lap Belt
(Center Seat Exempt)

No Usage of Lap Belt 3,710-8,490
12.5% Usage of Lap Belt 4,340-8,810

Driver Air Bag
with Lap Belt

73,660-147,560
83,480-152,550

$364
364

72,480-145,408
82,260-150,370

354
354

No Usage of Lap Belt 2,680-6,250 56,330-114,370
14.0% Usage of Lap Belt 3,200-6,520 64,820-118,680

232
232

$66-154
76-158

64-151
74-155

36-100
44-104

$210-298
206-288

203-290
199-280

132-196
128-188

Driver and Right Front
Automatic Belt
(Center Seat Exempt)

20% Usage
70% Usage

Driver Automatic Belt

20% Usage
70% Usage

520-980
5,030-7,510

270-580
3,610-5,440

8,740-15,650
86,860-124,570

5,260-10,370
67,160-96,770

51
51

26
26

7-22
100-144

0-8
65-99

29-44
(49)-(93)

18-26
(39)-(73)

Note: ( ) means dollar benefits (insurance premium reductions) exceed dollar costs.



belts, net dollar costs vary by belt usage rates because the insurance

benefits vary by belt usage rates. At 20 percent usage, lifetime insurance

benefits range between $7-$22 per car resulting in a lifetime net cost per

car of $29-$44, while at 70 percent usage lifetime insurance benefits are

$100-$144 per car, resulting in a net dollar savings of $49-$93 per car.

Breakeven Points

Several breakeven points were calculated throughout the analysis. The

breakeven points indicate where benefits of one alternative equal another, or

where costs equal benefits, etc.

Figure I shows the fatality reduction breakeven points between automatic

belts and air bags for a variety of combinations within the ranges of usage

and effectiveness as they apply to these two restraint systems.

For example, the combination of the high level of effectiveness for automatic

belts (50 percent) and the low effectiveness for air bags (20 percent) result

in a breakeven point at a usage level of 44 percent. That is, with 44

percent automatic belt usage, the safety benefits provided by these two

systems are equal.

Figure 2 shows breakeven points for costs related to automatic belts using

low and high effectiveness estimates. The breakeven point occurs when

lifetime costs (retail price increases and additional fuel costs) equal

lifetime insurance premium reductions. At the high effectiveness level, the



breakeven point occurs at the 32 percent usage level. At the low

effectiveness level, the breakeven point occurs at the 44 percent usage

level.

Air bag systems do not attain similar breakeven points. The estimated

lifetime cost of a full front air bag system is $364, while lifetime

insurance premium reductions range from $76-$158 at 12.5 percent lap belt

usage for low and high estimates of effectiveness respectively. Based on

these estimates, there is no point at which air bag insurance savings would

equal air bag costs. This is true for all air bag configurations—full

front, driver only, and driver and front right seats (center seat exempt).

It should be noted, however, that these are not "societal" breakeven points

as they do not include lost productivity and other costs to society.
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Benefits of the Final Rule

The Final Rule calls for a gradual introduction of automatic restraints

during model years 1987-89 and a full implementation of the automatic

occupant protection requirement of FMVSS 208 effective September 1, 1989,

unless two-thirds of the U.S. population are covered by mandatory safety belt

use laws. Tables 6 and 7 show the reductions in fatalities and AIS 2-5

injuries, respectively, over the life of cars sold during model years

1987-89. Reductions are shown for two possible scenarios that satisfy the

Final Rule's implementation schedule: under the first scenario automatic

belts would be used in 10, 25 and 40 percent of the fleet, respectively, for

the first, second and third year; under the second scenario air bags would be

used in 6.67, 16.67 and 26.67 percent of the fleet, respectively (the Final

Rule allows an extra credit of 1.5 for each car that provides automatic

protection with a system other than seat belts for the purpose of meeting the

percentage requirements of the Final Rule). These benefits should be added

to those that accrue under full implementation (see Table 2) which begins in

model year 1990.
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Air Bags Only
Air Bags with Lap Belt
(12.5* Usage)

Air Bags with Lap/
Shoulder Belts
(12.558 Usage)

Automatic Belts
(20% Usage to
70% Usage)

TABLE 6
INCREMENTAL REDUCTION IN FATALITES

OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT

BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987 MY 1988 MY 1989
10% Automatic Belts, 25% Automatic Belts; 40% Automatic Belts;

6.67% Air Bags 16.67% Air Bags 26.67% Air Bags

250-570
290-590

300-600

50-100
500-750

620-1,420
720-1,470

750-1,500

130-250
1,260-1,880

990-2,260
1,160-2,350

1,200-2,390

210-390
2,010-3,000

Air Bags Only
Air Bags with Lap Belt
(12.5% Usage)

Air Bags with Lap/
Shoulder Belts
(12.5% Usage)

Automatic Belts
(20% Usage to
70% Usage)

TABLE 7
INCREMENTAL REDUCTION IN AIS 2-5 INJURIES
OVER THE LIFETIME OF THE MODEL YEAR FLEET

CENTER SEAT EXEMPT
BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987 MY 1988 MY 1989
10% Automatic Belts, 25% Automatic Belts; 40% Automatic Belts;
6.67% Air Bags 16.67% Air Bags 26.67% Air Bags

4,830-9,700
5,490-10,030

5,650-10,200

870-1,570
8,690-12,460

12,080-24,240
13,710-25,070

14,120-25,480

2,190-3,910
21,720-31,140

19,330-38,780
21,940-40,100

22,590-40,770

3,500-6,260
34,740-49,830
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Table 8 shows the reductions of fatalities and AIS 2-5 injuries that would

occur if states containing a total of 67 percent of the Nation's population

enacted mandatory use laws, without the implementation of the automatic

restraint requirements of Standard 208. Of course, benefits would be higher

if additional states passed mandatory use laws.

USAGE

40%
70%

TABLE 8
ANNUAL SAFETY BENEFITS OF

MANDATORY USE LAWS
AFFECTING 67% OF THE POPULATION

40%
70%

LOW

1,
3,

LOW

31,
67,

(40%)

900
970

(45%)

990
290

INCREMENTAL FATALITY REDUETION

EFFECTIVENESS
MID-POINT (45%)

2,160
4,500

INCREMENTAL AIS 2-5 INJURY REDUCTION

MID-POINT (50%)

35,800
75,310

HIGH (50%)

2,410
5,030

HIGH (55%)

39,680
83,460
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I. INTRODUCTION

This Final Regulatory Impact Analysis (FRIA) represents the Department of

Transportation's assessment of the benefits and costs of various

alternative approaches to automatic occupant protection. It addresses

issues that were raised in the PRIA and the subsequent rulemaking hearings

and docket comments.

In October 1983, the Department published a Notice of Proposed Rulemaking

(NPRM) as part of the further review of the occupant crash protection

standard required by the Supreme Court decision. Accordingly, the agency

outlined a range of regulatory actions (amend, retain, or rescind FMVSS

208) and potential alternative proposals if the decision was to amend the

current standard; e.g. air bags only, air bags or non-detachable automatic

belts, etc. The NPRM sought public response on 91 specific questions on

various aspects of the occupant protection issue.1 In addition, it called

for three public meetings to gather nationwide response to the issues and

questions raised in the NPRM. These public meetings were held in Los

Angeles, California, on November 28-29, 1983, in Kansas City, Kansas on

December 1-2, and in Washington, D.C. on December 5, 6, and 7. The public

docket for this NPRM (Docket No. 74-14, Notice 32) formally closed on

December 19, 1983, but the Department accepted comments received after that

date and considered more than 7,800 docket comments.

For the reader interested in the specific questions outlined in the NPRM,
see 48 FR 48622-41.
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Subsequently, the Department issued a Supplemental Notice of Proposed

Rulemaking (SNPRM) on May 10, 1984, seeking additional comment on several

issues and proposing four other alternatives. Over 130 comments were

received. All timely comments have been considered in preparing this FRIA.

After a brief review of the background of FMVSS 208, the FRIA outlines the

significant issues raised by the Supreme Court in its June 1983 decision

-an all air bag requirement and usage of non-detachable automatic safety

belts, as well as other issues resulting from agency analyses and docket

comments. The following sections contain the main body of the analysis,

including estimates of effectiveness, usage rates, safety benefits,

insurance premium changes, cost and leadtime of the various restraint

systems, impacts of increased costs on vehicle manufacturers, and possible

small business impacts. Also included is an analysis of recent major

public opinion surveys. Each of the alternatives considered in this

analysis — amend, retain, rescind the standard, as well as demonstration

programs and mandatory seat belt use laws — is discussed in the

alternatives section of the analysis.

The Conclusions section draws all the information within the FRIA and its

referenced material into a concise statement. The Conclusions section

reflects the intense review conducted on a subject that has been

controversial for over a decade and highlights the significant findings of

the FRIA. Additional material relevant to the analysis has been included

in appropriate Appendices.



II. BACKGROUND

FMVSS 208 was one of the initial standards of the agency, issued in 1967 as

a standard for seat belt installation in passenger cars. Since that time,

there have been a number of actions relative to automatic occupant

restraints. From 1970 (rule establishing automatic restraint

systems for passenger cars) to 1983 (temporary suspension of the 1977

automatic restraint requirements) issuance of an automatic occupant

protection rule has been debated, proposed, revised, promulgated, and

rescinded. Alternatives such as starter interlock options were proposed

(1971), established (1972), and eventually overturned by congressional

legislation (1974). Test criteria and demonstration programs were

established and changed (1971 and 1977). The courts were also involved in

the process, rendering decisions in 1972, 1979, and 1982. (These events

are summarized in Table II-1 of the October 1983 Preliminary Regulatory

Impact Analysis. They are also described in detail in the October 1981

Final Regulatory Impact Analysis concerning the rescission of the automatic

occupant protection requirements of the standard.) The most recent actions

concerning FMVSS 208 follow-
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In January 1977, Secretary William Coleman negotiated agreements which

would have resulted in an air bag and passive seat belt demonstration

program, the purpose of which was to show the effectiveness of these

devices, and thereby counter possible public resistance to this new

technology and familiarize the public with the overall benefits of occupant

restraints.

Ford, General Motors, Mercedes-Benz, and Volkswagen agreed to participate

in the voluntary program. Ford agreed to manufacture 140,000 air bag

equipped cars, GM 300,000, and Mercedes 900 driver only air bag cars. VW

agreed to manufacture no fewer than 125,000 cars equipped with a passive

belt system in both front seating positions between model years 1975 and

1980, with at least 60,000 of these cars manufactured between model years

1978 and 1980. The anticipated incremental consumer price to be negotiated

was $100 for full front air bags and $50 for a driver only air bag.

In addition to the agreements by the automobile manufacturers, three

insurance companies (Allstate, Nationwide, and Volkswagen Insurance

Company) agreed to provide 30 percent discounts on medical coverage premiums

for those consumers purchasing passive restraint cars.

The demonstration program was subsequently voided and abandoned by the

manufacturers in June 1977, when, as a result of a reassessment of

Secretary Coleman's decision, his successor, Secretary Brock Adams, issued

a rule requiring automatic restraints in all front seating positions on a

phased-in schedule depending on vehicle size: large cars to small cars

with all cars having to comply in Model Year 1984.
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Although the 1977 demonstration program contained a provision which

released the automobile companies from their responsibilities if automatic

restraints were to be mandated, the manufacturers were asked by

Secretary Adams to continue their voluntary agreements to produce

automobiles with automatic crash protection in Model Year 1980. Volkswagen

continued to offer automatic belts in the U.S. and does so to this date. GM

offered two-point automatic belts in Model Years 1978 and 1979 and

three-point automatic belts in Model Year 1980 on all Chevettes. A small

number of Cadillacs were offered with three-point detachable automatic

belts and, over the last few years, Toyota Cressidas have come' equipped

with a motorized automatic belt. In Europe, approximately 25,000 Mercedes

Benz cars have been sold with a supplemental (i.e., in addition to the

three-point manual belt) driver side air bag coupled with a pyrotechnic

pre-tensioning reel for the right front passenger 3-point belt, which in

the case of the S-class cars sold in Germany, represents 17 percent of

sales (9.6 percent worldwide.)1 Mercedes Benz began to offer such a system

in the U.S. on certain 1984 models. No other manufacturer has offered air

bags to the U.S. public since GM discontinued the air bag as an option on

some cars in 1976.

In February 1981, the Department issued an NPRM which proposed a 1-year

postponement of the effective date of the automatic restraint requirement.

This permitted further study of that requirement in light of changed

circumstances since the standard's promulgation, such as the decision by

virtually all major manufacturers to elect to use automatic belts rather

1 Daimler-Benz Docket Comment No. 74-14-N32-5886, p. 3.
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than air bags as the means of compliance and the dramatic shift in the

market toward small cars resulting from changes in fuel price and

availability. In April 1981, the agency issued a final rule delaying from

September 1, 1981 to September 1, 1982, the date on which large cars had to

begin complying with the requirement, and also issued an NPRM setting forth

three alternative amendments to the automatic restraint requirement: (1)

reversal of the phase-in sequence to require compliance by small cars

first; (2) simultaneous compliance by all cars; (3) rescission of the

requirement; and in addition, a sub-alternative proposed the deletion of

the requirement for automatic restraints in the front center seating

position for the first two alternatives.

On October 23, 1981, the agency issued a final rule rescinding the

provisions which would have required front seating positions in all new

cars to be equipped with automatic restraints.

The rationale for this decision was based on the belief that compliance

would be by detachable automatic belt, that such belts might only result in

a marginal increase in belt usage and resultant safety benefits, that the

compliance costs associated with the standard were high, and that the

public might have an adverse reaction to these belts, which could have an

adverse effect on overall motor vehicle safety efforts.

In June 1983, the Supreme Court held that the agency's rescission of the

automatic restraint requirement was arbitrary and capricious, that the

agency had failed to present an adequate basis and explanation for
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rescinding the requirement, and that the agency must either consider the

matter further or adhere to or amend the standard along the lines which its

analysis supports.

The Supreme Court remanded the case to the Court of Appeals with

directions to remand the matter to the Department for further consideration

consistent with the Supreme Court's opinion.

On August 31, 1983, the Department issued an interim final rule which

suspended the passive restraint requirement while it re-examined the issue

as required by the court. The 1-year suspension was issued to preclude

any possibility that manufacturers might be in technical violation of a

requirement that, as a practical matter, could not be met.

In October 1983, the Department published an NPRM and a Preliminary

Regulatory Impact Analysis. The analysis presented the Department's

assessment of the benefits and costs of various approaches to automatic

occupant protection and examined the overall safety and economic effects of

these approaches. The NPRM invited comment on the proposed automatic

protection requirements. Comments were received in the docket from a wide

variety of individuals and organizations, ranging from automobile

manufacturers and insurance companies to private citizens. More than 7,800

comments have been received to date.

Public meetings were held in Los Angeles, Kansas City, and Washington, D.C.

during the period November 28 to December 7, 1983. More than 155

individuals presented testimony. The testimony in these meetings and the



II-6

comments to the docket raised complex issues or led to the identification

of other alternatives that were not specifically addressed in the NPRM.

For these reasons, the Department issued a Supplemental Notice of Proposed

Rulemaking (SNPRM) on May 10, 1984. The Notice solicited comments on the

above issues and proposed four additional alternatives. More than 130

comments were received, primarily from automobile manufacturers, the

insurance industry, public interest groups, and several states.



III. ISSUES

This section examines several issues raised in testimony at the public

hearings and in comments to the docket. A number of these concern air

bags, including the applicability of air bags to small cars, the use of

sodium azide, product liability concerns associated with air bag use and

repair, and the introduction of new technology which could lower the cost

of air bags. Other issues discussed include the potential use of passive

interiors to provide automatic occupant protection and test procedures

repeatability.

A. Air Bag Issues

1. Provision for Air Bags in Small Cars

Air bags have been designed and installed in 12,000 production vehicles in

the early and middle 1970's. Mercedes-Benz has sold more than 20,000 air

bag equipped vehicles in Europe over the past two years and plans to sell

5,000 in the U. S. this year. However, these vehicles were all large and

intermediate sized cars. Small cars present particular problems in the

near term for designers of air bag systems. In the most general terms, the

smaller the car, the shorter the "crush distance" and the greater the

collision severity. For smaller cars, the time available for crash sensing

and bag inflation is shorter. This necessitates an air bag system that

uses greater force and inflation speed to produce adequate and timely

occupant protection.
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Several issues have been raised concerning air bag use in small cars. The

issues fall into two basic categories—technical feasibility and

out-of-position occupants. Specifically, is it technically feasible to

design small car air bags? If it is feasible, what are the cost and

leadtime implications? Are there significant differences due to car size

in driver versus passenger systems? Do air bags cause injuries to out of

position occupants, especially children?

a. Technical Feasibility

While most of the real world air bag experience has involved large and

intermediate sized cars, laboratory tests on small cars indicate that air

bags are technically feasible of being applied to small cars. Ford, in a

response to Representative Dingell's questions on air bags in small cars

(Docket response 74-14-N32-3115) stated that air bag technology is safe for

use as a supplement to manual three-point belt systems for drivers in all

sizes of cars. The Motor Vehicle Manufacturers Association's (MVMA)

technical report on air bag use in small cars provided a summary of frontal

barrier crash test results with air bags installed in small cars.'' Those

test results (see Table III-1A) indicate that driver and front passenger

occupant protection as defined by FMVSS 208 is possible with air bags in

small cars based on laboratory experiments. The report concludes that "the

use of air bags in small cars shows promise in providing occupant

"Air Bag Use in Small Cars-Literature Review", Technical Report by David 3.
Segal, November 1983. Prepared for Motor Vehicle Manufacturers Association
by MGA Research Corporation, Buffalo, N.Y., p.27. (Docket 74-14-N32-1674).
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Table III-1A

SUMMARY OF "SMALL" CAR AIRBAG CRASH TEST RESULTS

Vehicle

Pinto

Pinto

Pinto

Pinto

Pinto

Pinto

Chevette

Chevette

Omni

Omni

Vega

Honda Accord

Datsun 260Z

Datsun 260Z

Citation

Citation

DeLorean

DeLorean

Volvo

Volvo

Blbliography

l+em

1

1

1

1

81

82

65

66

66

66

65

53

76

76

67

67

35

35

69

69

Seat

Position*

D
P

D

P

D
P*#

D

P

D

P

D

D
D

P

D

P

D

P

D
P

Crash Speed

(MPH)

34.9

34.9

30

30

31.2

31.2

30

30

30

30

31.9

35

30

30

36.9

36.9

40.6

40.6

40.0

40.3

HIC

474

702

320-510

277-357

617

278

443

189

279

492

353

264-859

424-558

284-540

398

554

336

684

440

204

Chest G

61

53

49-68

46-65

43

44

50

27

42

45

45

47-59

44-52

33-44

40

44

46

53

58

50

Femur
Loads-LBS

2060

1590

570-2000

810-1560

1039-1343

1550

600

1300

700

1520

1416-1854

568r870

356-687

1760

1150

1220

2110

2100

1580

* D - Driver, P - Passenger

**95th Male durrmy
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protection levels consistent with FMVSS 208." However, it was pointed out

that more developmental work was necessary prior to mass production. Thus,

the issue appears to be one of leadtime rather than technical feasibility.

The agency has also previously looked at the small car-air bag situation.

Agency data from a computer simulated crash test of a typical small car

showing the movement of the 5th, 50th and 95th percentile dummies and air

bag over time in a 30 mph crash are shown in Table III—1. These data show

that the bag is fully inflated before the dummy has any substantial

movement in a vehicle substantially smaller than the 1974 model GM

vehicles equipped with air bags. Before the dummy has moved, the sensor

has detected the crash and initiated bag deployment. The bag begins to

inflate at about 14ms2 and it is at 10ms that the dummy's H point3

begins to move from the rest position at the back of the seat. H point

movement is still less than 1 inch after 30ms, and by 35ms the bag is fully

inflated. By 40ms, the dummy movement is just over 2 inches. The dummy's

first contact area is the femur, which contacts the small car dash at 50ms

for all dummy sizes. H-point movement at this time is nearly 5 inches.

Maximum H-point movement of around 8 to 10 inches occurs in the range of

70-80ms.

2 ms=milliseconds.
-* H point means the mechanically hinged hip point of a manikin which

simulates the actual point center of the human torso and thigh, described
in SAE Recommended Practice 3826, Manikins for Use in Defining Vehicle
Seating Accomodation," November, 1962.
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TABLE III-1
DUMMY MOVEMENT AND AIR BAG INFLATION

IN 30 MPH CRASH

Time From Onset
of Initial Crash

(MS)

0
10
20
30
35
40
45
50
60
70
75
80

H-Point Movement
5th Percentile

Dummy
(in.)

0
.01
.17
.81

2.29

4.08****
6.99
7.88 (Max)

H-Point Movement
50th Percentile

Dummy
(in.)

0
.01
.17
.81

2.29

4.72****
7.32
8.95
9.21 (Max)

H-Point Movement
95th Percentile Bag

Dummy Movement
(in.)

0 *
.01 **
.17
.81

**#
2.29

4.83****
7.79
10.04

10.90 (Max)

* Sensor detects impact
** Bag starts to inflate (14 ms)
***Bag fully inflated (35 ms)
•*•*•** (femurs hit)

Note: Data taken from simulated crash test of a typical small car.

NHTSA has also evaluated the performance of current air bag systems and

conducted lab tests to demonstrate that air bags could meet FMV5S 208

requirements at speeds up to 40 mph in small cars. Vehicles in which air

bags have been evaluated include the Chevrolet Chevette, Dodge Omni,

Chevrolet Citation, Volvo 244, and the Delorean. Each of these vehicles is

smaller than the previous and current production vehicles which were

equipped with air bags.
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The results^ of the NHTSA sled tests and bar ier crash tests of the above

vehicles lead to the conclusion that there is no technical reason why air

bags meeting the injury prevention criteria of FMVSS 208 cannot be used in

small cars. In addition, NHTSA has developed research safety vehicles

which have provided occupant protection below the FMVSS 208 criteria at

speeds up to 50 mph. For example, the Minicars RSV is a small car which

has demonstrated this level of performance.

However, the agency recognizes that a manufaturer's concerns extend far

beyond the test requirements of a Federal Motor Vehicle Safety Standard.

Manufacturers need be concerned about air bag performance in other

situations, such as in pole crashes,.and with out-of-position occupants, as

discussed in the next section. Thus, developmental work, to fine-tune

sthe air bag system to account for the above type situations in specific

vehicles, still needs to be done. Since little work has been done by

manufacturers in developing and producing air bags for small cars, the

development time must necessarily be longer than for large cars.

DOT-HS-805-943 "Small Car Front Seat Passenger Inflatable Restraint
Systems," April 1981.

DOT-HS-805-944 "Small Car Front Seat Pusssnger Inflatable Restraint
Systems, Volume II-Citation Air Bag System," April 1981.

DOT-HS-805-960 "Upgrade Volvo Production Restraint Systems,"
April 1981.

DOT-HS-806-312 "Systems Analysis Approach to Integrating Air Bags into a
Production Ready Small Car," November 1981.
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In summary, based on a review of the docket comments, manufacturers' tests,

and agency evaluations of small car air bag installation, it is believed

that there is no technical reason why air bags cannot be installed in any

car, regardless of the size although all manufacturers who commented on the

small car issue stated that technical issues remain. GM, in comments to

the NPRM, also stated that challenges remain in developing air bags for

small cars and that additional leadtime is required for such development.

However, GM concluded by saying that "It should not be inferred . . . that

General Motors does not believe that air bag technology can be developed

for small cars. "The agency has determined that additional leadtime is

required to field test and final design air bag systems for current and •

future small production vehicles. It is expected that up to 5 years may be

needed to design and gain experience with small car air bags.-*

b. Dut-of-Position Occupant

While it appears technically feasible to install air bags in small cars,

the issue of occupant interaction with the air bag system in small cars

merits review. GM, in particular, has addressed the two fold problem of-

designing air bags for small cars to 1) meet the FMVSS 208 30 mph criteria,

and 2) at the same time avoid potential hazards from air bag induced injury

to out-of-position occupants.^

5 Docket Comment 74-14-N32-5299, AMC, P.4-5; Docket Comment 74-14-N32-1666,
GM, Appendix A, p.7; and others.

6 Docket comment 74-14-N32-1666, Appendix D, p.2.
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The problem described by the manufacturers is that small cars have less

available front end crush space and less occupant spacing from injury

producing sources in the passenger compartment (such as the steering

column, instrument panel or A pillar) than larger cars. In effect, this

reduces the permissible time to sense and inflate the air bag to safely

cushion the occupant. The small car air bag must therefore inflate quicker

and utilize a thicker bag to withstand the greater inflation pressures. The

effect of the necessarily more "aggressive" small car air bags on out of

position occupants, particularly passengers, continues to pose a problem

for vehicle manufacturers. (Drivers tend to have about the same amount of

space behind the steering column independent of car size).

Most danger to out of position occupants occurs when they are located near

the instrument panel at the time of bag inflation and, therefore, contact

the bag when it is rapidly expanding. The agency has analyzed the effect

of air bag systems on various ages and sizes of occupants, with a

particular emphasis on the small child.? The result of that analysis

indicates children would only be at the instrument panel relatively

infrequently at the time of air bag deployment. Further, the fact that

these small children are near the instrument panel does not necessarily

mean that they would be injured. In order to be injured by a deploying air

bag the child would likely not only have to be near the instrument panel

but would have to be struck in such a manner as to produce injury or be

thrown into another component of the vehicle interior which would produce

"Protection of Children and Adults in Crashes with Automatic
Restraints," Ralph Hitchcock and Carl Nash, NHTSA, October 1980, presented
at the Eighth International Technical Conference on Experimental Safety
Vehicles, Wolfsburg, Germany, p. 317-325.
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injury. Another point to be considered is whether the child would have been

injured in the absence of an air bag. Nevertheless, a small number of

children could in fact be at greater risk from the air bag induced trauma

than that from the effects of the crash itself.

A large part of the research and development effort on air bags through the

years has focused on designing an air bag system that has location, size,

and deployment characteristics (e.g., pressure, time, etc.) such that

vehicle occupants are protected in as high a crash speed as possible

without creating an unreasonable risk to an occupant who is out-of-position

(i.e., near the stored bag at the time of deployment). The automobile

industry, the research community, and NHTSA have done a tremendous amount

of work over the years in trying to assess the air bag's potential for

injury to out-of-position occupants, and to assess the probability of those

injuries occurring in the real world.8 9

At this time, air bag technology could be likened to a drug with great

potential lifesaving and injury reducing capability, but with some limited

adverse side effects for some ( out-of-position children). In the past

few years child restraint legislation has been enacted in nearly all of the

states. This has the effect of reducing the probability that a child would

be out-of-position to levels below that used in previous studies.

8 GM comments to 74-14-N32-1666.
Hitchcock/Nash Paper referenced in footnote 7.


